The pure methylic alcohol used in these experiments was prepared from rectified wood-spirit according to a process of E. Th. Chapman, being a modified chloride-of-calcium process as originally recommended by t l Robert Kane. The anhydrous alcohol obtained had a specific gravity of •81371 at 10° C .; it boiled at a temperature of 58°*6 C. under a pressure of 757*4 millims., had a specific heat of 58*325 between the temperatures 60° and 18°, and was perfectly miscible with water in every proportion. When oxidized with excess of bichromate and sulphuric acid, it yielded nothing but carbonic acid and water.
Section 1. Specific H eat.
This is estimated in the usual manner, by heating a known weight of the liquid enclosed in a suitable vessel to a certain temperature, and plunging it, vessel and all, into the water of a calorimeter ; the rise in tem perature produced will, with the necessary corrections, furnish the data required for the calculation of the specific heat sought. This calculation was performed by help of the following form ula:-r _ W (*"-*) n m (T -Y ) m wherein C is the specific heat required; W the water-value of the calorimeter and contents; t the temperature of the calorimeter at the beginning; t' the temperature of the calorimeter at the end ; t" the temperature of the calorimeter at the end plus the necessary eor rections; T the temperature of the steam-oven ; m weight of fluid or mixture employed ; fx water-value of vessel holding the mixture. The vessel to contain the mixture is an annular brass vessel, with a a wheel in the inner cylindrical space to serve as stirrer. The steam-oven is heated by the vapour of methylic alcohol.
The mean results are given in the following This is estimated by mixing the alcohol and water, in the required pro portion, in an annular vessel similar to the one used for the estimation of the specific heat, and observing the elevation of temperature produced in the water of a calorimeter in which the annular vessel is immersed. The units of heat evolved in the formation of 5 grms. of each mixture were thus calculated and found to be :- The temperature at which the mixing took place ranged between 16° and 20° C. Section 3. Boiling-points.
The mixtures were boiled in a flask connected with a condenser, by which the vapours are condensed and made to run back into the flask; the composition of the mixture is thus kept as uniform as possible. 1 l 6 -C0^ running back is prevented from disturbing the boiling y aving to pass down a tube placed inside the flask, in which it becomes leated nearly to boiling before it flows into the boiling mixture. The o owing Table gives the results, the barometer standing at 757'4 millims.
e Ambers in column 3 are calculated on the assumption that the boiling-point of a mixture is influenced by its components in proportion to their respective weights. This is estimated by means of an apparatus similar to the one employed by Gay-Lussac, the height being measured by a cathetometer. Two capillary tubes are employed, and the mean taken. The third column in Table IV . gives the length of a column of water equal in weight to the thread of alcoholic mixture in the second column, and affords, therefore, a measure of the relative strength of the molecular attraction in the various mixtures. The heights in column 4 are calculated on the assumption that they will be proportional to the weight of the constituents.
The experiments are made at a temperature of 13°"5 C. gives the specific gravities of the various mixtures at the tem peratures of 10° and 20° C., water at 4° C. taken as unit, together with the calculated specific gravities at 10° C., and the difference between the specific gravities as observed and calculated. Table VI. gives the expansion of 100 volumes of the mixtures when heated from 10° to 20° C., calculated from the data of the previous Table. The figures in column 4 are calculated on the assumption that the expan sion is proportional to the volumes of the constituents, the contraction taking place on mixing being allowed for. All relations pointed out in the former paper as existing between the various properties of mixtures of ethylic alcohol and water find their parallel in the mixtures now under consideration. Certain sets of pro perties come to a maximum deviation from the calculated mean at the same strength ; in some cases the values found are always below, in others always above the calculated m ean; and in both mixtures the rate of expan sion shows the same singular peculiarity, viz. of being for certain mixtures below, for others above the mean. In this, as in the previous mixture, the specific heat and the heat evolved during mixture not only come to a maximum deviation from the mean in mixtures of the same strength, but all mixtures evolving the same amount of heat during their formation possess a specific heat elevated to the same amount above the mean ; and, moreover, the numerical relation between these two values is the same for mixtures of every degree of strength. Hence, if the heat evolved in the formation of 5 grms. of any of the mixtures be divided by 7'9, the eleva tion of the specific heat of this particular mixture above its calculated mean value is obtained. Between the boiling-point and the capillary attraction a somewhat similar relation is found. If in this case the ob served depression of the capillarity of any mixture below its calculated mean value be divided by 1'9 (the capillarity of pure water taken as 100), the depression of the boiling-point of this mixture below the mean is obtained.
It has been pointed out above that an intimate relation exists between the heat evolved during the formation of a mixture and its specific heat. A closer study of this relation has led the author to the following con clusions, which seem not only to hold good for the two mixtures now under consideration, but to be of very general application; they may be formulated as follows.
Relation existing between the specific heat of mixtures and the heat evolved during their formation :-1. The difference between the number of heat-units evolved during the mixing of given weights of two substances, at the temperatures t and t' respectively, is equal to the difference between the number of heat-units required to raise the mixture, and that required to raise the two constituents taken separately, from the lower to the higher temperature. Or let U and U' be the units of heat evolved by mixing x and y at the temperatures t and t' respectively, S, S', and S" the specific heat of the mixture z and its constituents x and y respectively, then U~u'= * . S (
2. If more units of heat are evolved at the higher than at the lower tem perature, the specific heat of the resulting mixture will be below the calculated mean ; on the other hand, the specific heat of the mixture will be above the calculated mean, if the greater number of heat-units be evolved.at the lower temperature*.
3. The absorption of a lesser number of heat-units will be of course equivalent to the evolution of a greater number, while the absorption of a greater number will be equivalent to the evolution of a smaller number of heat-units.
A series of Tables are next given showing that the following mixtui'es, namely, ethylic alcohol and water, methylic alcohol and water, prussic acid and water, ethylic alcohol and bisulphide of carbon, aqueous solutions of potassium chloride, sodium chloride, potassium nitrate, and potassium hydrate, conform to proposition 2, and all, except the mixture of ethylic alcohol and bisulphide of carbon, also conform as closely as can be ex pected with proposition 1. Perfect agreement is only possible if the specific heat of each constituent, as well as that of the mixture, has been accurately determined between the two temperatures for which the heat evolved on mixing has been estimated ; and this has not, in the majority of cases, been done as yet.
The author next points out that, at first sight, the above observations may be explained by assuming that a difference in the chemical constitution of the mixture is produced by a change of temperature')*. In some cases a rise in temperature may produce a certain amount of decomposition or dissociation, while a fall would be accompanied by recombination; the apparent specific heat of the mixture would thereby become raised. In some other cases the reverse may happen, and the specific heat of the mixture would fall below the mean. This supposition seems, however, incompatible with the observed rate of expansion of mixtures, both of ylic and methylic alcohol and water. In these the rate of expansion is in some of the mixtures below the mean, indicating apparently that a more intimate union takes place on heating, in others the rate of expansion is above the mean, indicating dissociation. The specific heat of these mixtures does not, however, show any corresponding alterations.
The author finally shows that if these propositions should prove to be an exposition of a general law, they will enable us to calculate the specific heat of one constituent of a mixture or solution, if we know the specific heat of the other constituent, the specific heat of the mixture, and the heat evolved or absorbed at two different temperatures between which these specific heats have been estimated. It may thus be possible to com pare the specific heat of liquid and solid substances when both are placed under similar conditions, and relations may be discovered which at present are masked in consequence of the difference in the physical conditions of the substances to be compared. I t was stated by one of us in Part I I. * that when a drop of a liquid is deposited on the surface of a supersaturated saline solution, it will do one of three things :-(1) mingle with the solution without any nuclear action; (2) spread out into a film with powerful nuclear action ; or (3) assume the form of a lens, without any separation of salt. I t was further stated that when a liquid forms a film or a lens, it does so according to the general proposition, that if a drop of a liquid B, with the surface-tension , be placed on the surface of another liquid A, with the surface-tension the drop will spread into a film, if a> 6 + c (c bei surface of the liquids A and B ) ; but if, on the contrary, a = < 5 + c , the drop will remain in the form of a lens. Hence if B spread on A, A will not spread on the surface of B. When the liquids x\ and B mingle in all pro portions, chas no value. The spreading of the drop may also be interfered with by the superficial viscosity of the solution, or the greater or less difficulty in displacing the superficial molecules.
I t was also stated that if a greasy smear be made upon the clean interior surface of a flask above the solution, and the flask be inclined so as to bring a portion of the solution against such smear, the liquid does one of two things :-(1) it breaks up into well-defined globules, which roll over the smear without loss of tension, in which case the smear has no nuclear action; or (2) as soon as the solution reaches the smear its edge flattens and becomes ragged, in which case the smear is nuclear and the salt separates.
A glass rod drawn through the hand becomes covered with a smear or film ; or the same rod, by exposure to the air, contracts a film by
